Abstract. The Fractionation of brain tissue indicated that the material responsible for reactions in these patients differed from that in HD. The material that elicited hypersensitivity in HD was not species specific, since it was found in rat, calf, human, and rabbit brain. It was not present in rat kidney, liver, or heart. Preliminary characterization showed that the material was protein in nature, contained sugar and lipid, and was heat labile. The finding of hypersensitivity in about half the unaffected children of HD parents suggests that it may precede the clinical onset of disease and serve as a marker for the gene.
Introduction
Huntington's disease (HD)' is an autosomal, dominantly inherited disorder characterized by abnormal movements and progressive dementia. Its onset is often delayed until after the Received for publication 24 June 1983 and in revised form 14 March 1984. 1 . Abbreviations used in this paper: HD, Huntington's disease; KPB, potassium phosphate buffer; LMI, leukocyte migration inhibition; MI, migration index; MS, multiple sclerosis. affected person has had children, thereby encouraging perpetuation of the gene. Although pathologic changes are well described (1), they represent the end result of cell death, and there are few clues to processes initiating the reaction.
We set out to test the hypothesis that immunologic responses in affected individuals are directed against constituents of brain tissue that become antigenic as a result of the disease process. We used the leukocyte migration inhibition (LMI) technique (2) to detect an immune response to brain tissue. LMI is claimed to be a reliable in vitro index of hypersensitivity (3, 4, 5) , and this is borne out by our own experience with tetanus toxoid as an antigen (6) . A LMI. LMI was performed after the method of Soborg and Bendixen (2). 40 ml heparinized venous blood was mixed with 5 ml 5% dextran (250,000 mol wt) in 0.15 M saline and was allowed to separate at 370C for 45 min. Leukocytes in the supernatant were washed three times and resuspended in M 199 medium (Gibco Laboratories, Grand Island, NY), and cell concentrations were adjusted to between 0.1 and 0.3 X 108/ ml. Cells were packed in sealed capillary tubes (Clay Adams, Div. Becton, Dickinson and Co., Parsippany, NJ) by centrifugation at 250 g for 10 min. Tubes were cut at the cell fluid interface and placed in chambers in leukocyte migration plates (Sterilin; Middlesex General Industries, Inc., Woburn, MA) in medium containing 10% horse serum (Flow Laboratories, Inc., McLean, VA), penicillin, and streptomycin, with or without antigen. Details of brain preparations used as antigen are given below. In some experiments, rat kidney, liver and heart, and bovine serum albumin (Fraction V; Armour Pharmaceutical Co., Tarrytown, NY) were tested at the same time as rat brain.
After 16 h of incubation at 370C, cell migrations were projected and their areas were measured by planimetry. Experiments were conducted blind, without knowledge of the source of cells. One or more control subjects were included in each experiment. At least six migration areas were obtained for each variable. The migration index (MI) was the ratio of the area of migration with antigen to the area of migration without antigen. MI for the normal controls ranged from 0.71 to 1.16, with a mean± 1 SD of 0.96±0.09. From our observations on normal controls, we have taken values for MI of <0.79 to be indicative of hypersensitivity (i.e., mean -2 SD for n = 56). Reproducibility of the assay was determined by repeating the study from two to nine times on six controls and eight patients on separate samples and on different days. The mean coefficient of variation in migration areas for each variable was 7.7. There was no significant difference between mean MI values of 21 normal controls and nine repeated assays on the same subject.
Preparation of brain antigen. All procedures that involved preparations of brain antigen, including column chromatography, were undertaken at 40C. Brains from anesthetized adult Wistar rats were homogenized for 3 min in phosphate buffered saline (PBS), pH 7.3, and the suspension was adjusted to a final concentration of 100 g/liter. Suspensions were centrifuged at 27,000 g for 40 min. Supernatants were used immediately or stored in l-ml aliquots at -70'C and used within I mo. There was no difference in MI values obtained with fresh preparations or with those stored as indicated. Fresh calf, human, and rabbit brain were subjected to the same procedure. Human brain was obtained Purification and characterization ofbrain antigen. Crystalline ammonium sulfate was added slowly to brain antigen to 40% saturation. It was centrifuged at 27,000 g for 40 min. The precipitate was resuspended in 10 ml 25 mM potassium phosphate buffer (KPB), pH 7.8. This was designated the P40 fraction. More ammonium sulfate was added to the supernatant of the P40 fraction to give a 60% saturated solution. The resulting precipitate was prepared as above (P60 fraction). Ammonium sulfate was added to the supernatant of the P60 fraction to 95% saturation. The precipitate was resuspended and treated as above (P95 fraction). Fractions were dialyzed against three changes of 25 mM KPB for 24 h. Protein determinations were performed on all fractions by the method of Lowry using bovine serum albumin as the standard (7). Fractions were stored at -70'C for up to 1 mo.
Approximately 100 mg P40 fraction in 20 ml KPB was applied to DEAE Sephacel anion exchange columns (K26 X 40 cm; Pharmacia Fine Chemicals, Uppsala). Bound protein was eluted with a linear sodium chloride gradient. Peak fractions were concentrated (Diaflo YM1O membranes; Amicon Corp., Scientific Systems Div., Danvers, MA) and dialyzed against PBS, pH 7.3, for 24 h. They were stored in the same way as the ammonium sulfate precipitated fractions were. Absorbance of eluants was monitored at 254 nm.
To obtain preliminary information on properties of the material eliciting hypersensitivity, P40 was divided into five fractions which were treated as follows: no treatment (control); heated at 100°C for 5 min; heated at 56°C for 30 min; or incubated at 4°C with an equal volume of 15% trichloracetic acid (TCA). Precipitates were centrifuged at 250 g for 10 min and the supernatants were collected. A further fraction was shaken with chloroform-ether (equal parts) in a ratio of 1:2 for 5 min at 4°C and allowed to separate over 16 h, and the aqueous phase was collected. All fractions were dialyzed against PBS, pH 7.3, for 24 h and tested for activity in LMI. The sugar content of brain antigen eluted from ion exchange chromatography was determined by the phenol sulfuric acid reaction (8) .
Statistics. Comparison of means between experimental and control groups was made by the standard t test for uncorrelated groups.
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T JL ( : T patients with established HD, 23 normal controls, and 17 patients with other neurologic diseases were tested with supernatant of rat brain homogenate (Fig. 1) . There was significant inhibition of migration in the presence of brain antigen in HD patients compared with normal controls at 10 and 1 mg/ml (P < 0.001 and <0.01, respectively) and with other neurologic disease controls at 10 mg/ml (P < 0.05). Five HD individuals showed no inhibition of migration. Patients with other neurologic conditions, which included 10 cerebrovascular accidents, 5 cases of Parkinson's disease, one ofAlzheimer's disease, and one offrontal lobe tumor showed migration inhibition at 10 mg/ml antigen concentration only (P < 0.05 compared with controls). Preparations of other rat tissues and bovine serum albumin produced no migration inhibition in HD patients or normal controls (Table I) . Hypersensitivity to ammonium sulfate precipitated rat brain preparations. Rat brain extracts precipitated with different concentrations of ammonium sulfate were tested in additional groups of patients with HD or other neurologic disorders and in normal controls (Fig. 2) . 20 of 24 HD patients responded to P40 fraction of rat brain, including the 5 who failed to react to whole brain extract. MI (mean± 1 SEM) with P40 was 0.74±0.02, compared with 0.97±0.03 in normal controls and 0.91±0.03 in patients with other neurologic diseases (P < 0.001, comparing HD patients with each of the other groups). 11 HD patients were tested with P60 and P95 fractions. MI (mean± 1 SEM) were, respectively, 0.91±0.04 and 0.88±0.02. The material responsible for migration inhibition in HD was, therefore, precipitated by 40% ammonium sulfate (P40 fraction).
LMI was performed in 36 patients with other neurologic diseases by the use of rat brain extracts precipitated with different concentrations of ammonium sulfate as an antigen. Seven of 10 patients with cerebrovascular accidents (Fig. 2) reacted to P95 (P < 0.02 compared with HD patients and P < 0.005 with normal controls). Mean responses of patients with MS, Parkinson's, and Alzheimers diseases did not differ from normal controls (Table II) . However, one MS patient showed stimulation of migration, and one showed inhibition at the higher antigen concentration to all three ammonium sulfate precipitated fractions. Three patients with Parkinson's disease, one of whom had suffered a stroke 5 wk earlier, and two patients with Alzheimer's disease reacted to P95.
MI (mean± 1 SEM) with P40 antigen for HD patients on medications was 0.73±0.02, compared with 0.77±0.02 for five patients who were receiving no drugs (P > 0.30). 10 patients with other neurologic diseases were receiving phenothiazines and/or L-dopa at the time of testing. Their MI (mean± 1 SEM) did not differ from those of controls who were not receiving drugs (0.96±0.04 and 0.96±0.03, respectively).
Altogether, 27 patients with HD were tested with various (9) 0.96±0.14 0.99±0.14 (6) 0.95±0.12 0.91±0.10 (6) MI values in italics indicate hypersensitivity. * P < 0.001 compared with normal controls and with other neurologic disease controls. f Numbers of observations are shown in parentheses when they differ from numbers of subjects tested. § P < 0.005 compared with normal controls, and P < 0.02 compared with HD. preparations of brain tissue, and 26 responded to at least one. Those who did not react to the supernatant ofbrain homogenate or ammonium sulfate precipitated material responded to preparations recovered from gel chromatography. The one patient who failed to respond was not tested with these fractions.
Hypersensitivity to brain antigen in individuals at risk and spouses ofHD patients. 21 children of subjects with established HD who showed no clinical evidence of the disease and who were in good health were tested with P40 rat brain fractions at 50 and 200 ug/ml. Migration inhibition was demonstrated in nine subjects (Fig. 3) , five of whom were positive at both concentrations of antigen, and four who were positive at 200 ,ug/ ml only. In 12 subjects the MI was within normal limits. The mean age of children with positive reactions was 26 yr, and of those without hypersensitivity it was 27.6 yr.
Six spouses of HD patients were tested with supernatant of rat brain homogenate or with P40 at 50 and 200 ,gg/ml. None showed inhibition of leukocyte migration. Species specificity ofbrain tissue antigen. P40 fractions prepared from rat, human, calf, and rabbit brain were used at 50 gg/ml as the antigen in patients with HD and in controls (Fig.  4) . Brain tissue from the four species was equally antigenic in LMI.
Characterization and purification of brain tissue antigen.
Supernatants of rat brain P40 fractions that had been heated, precipitated with 15% TCA, or extracted with chloroform-ether served as antigen at 50 ,ug/ml in three patients with HD. In comparison with untreated antigen (mean MI± 1 SEM, 0.71±0.02), migration inhibition was abolished by heating the antigen at 1000C for 5 min (MI 0.96±0.05, P < 0.02) or at 56°C for 30 min (MI 0.92±0.07, P < 0.005), or by precipitating the antigen with 15% TCA (MI 0.98±0.06, P < 0.02) or with chloroform-ether (MI 0.90±0.07, P < 0.05).
To purify further the P40 fraction it was applied to anion exchange columns. Similar elution patterns were obtained on each of six occasions. A representative profile is shown in Fig.  5 . The eluted fractions were adjusted to a protein concentration of 50 ,ug/ml for use in LMI. Material eluted at 0.4 and 0.5 M NaCl inhibited leukocyte migration in HD patients compared with controls, indicating that they contained the antigenic material (Table III) . Similar elution profiles were obtained from human and calf material. Material eluted at 0.4 and 0.5 M from human brain was maximally active in LMI (Table III) .
The sugar content of five brain fractions eluted at 0.4 M from anion exchange chromatography was 39±10 ug/ml (mean± SD), with a protein/sugar ratio of 28:1.
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Hypersensitivity to Brain in Huntington's Disease ( 1 5) (2 1 HD patients and individuals at risk. Whatever the mechanisms for LMI (5, 9), be they the interaction of antigen with lymphocytes to generate lymphokines or with cytophilic antibodies on the surface of target cells, LMI is accepted as an in vitro correlate of delayed hypersensitivity in man (3, 4, 5, 9) . Direct cytotoxicity of antigen is excluded in our experiments by its lack of effect on cells from various controls. Further, we have found in our laboratory that LMI with tetanus toxoid correlates well with delayed hypersensitivity skin testing (6) . We suggest, therefore, that the phenomenon indicates an immunologic response. The relevant antigen is present in normal brain of several (12, 13, 14) but with inconclusive results (15) . It is unlikely that the reaction in HD is a nonspecific response to injury. We were able to distinguish, by their precipitation with ammonium sulfate, the antigens responsible for migration inhibition in HD from those to which some patients with other neurologic conditions reacted. One such protein released from the brain after injury and designated S-100 is precipitated by 100% saturated ammonium sulfate (16) . The antigen responsible for hypersensitivity in our study differs from those described in other reports in terms of its greater specificity for HD (17, 18) , its precipitation with ammonium sulfate (18) , and other properties (19 
